Introduction
Reactive oxygen species (ROS) and reactive nitrogen species (RNS) function together in a nexus of reduction/oxidation (redox) control that impact on nearly every aspect of plant biology. ROS generation leading to oxidative signalling and the production of nitric oxide (NO) and its associated signalling pathways are key components of integrated responses of plant to environmental, metabolic and developmental triggers. These biological messengers, function together in the signalling hub that regulates plant growth and metabolism in response to biotic threats and abiotic challenges through the mediation of redox metabolites, protein modifications, enzyme activities, and transcript levels. It is not surprising therefore that enormous interest has continued to focus on this topic, leading to an extensive literature that documents the unprecedented progress that has been made in recent years (Foyer and Noctor, 2016) . The manuscripts in this Special Issue make a valuable addition to this literature because they summarise the current knowledge and concepts that lay the foundations of the contemporary vision for ROS/RNS functions, particularly through interrelated signalling hubs. They also provide enticing snapshots of key areas of current endeavor and interest.
Redox-mediated post-translational modifications come of age
The important emerging topic of the complex interplay of ROS and NO signaling in developmental and stress-induced hypoxia has been comprehensively reviewed by Pucciariello and Perata (ref) . Redox signaling not only plays a key role in the metabolic readjustments that are required for survival of low oxygen availability but the crosstalk between ROS and NO signaling pathways is also crucial to the regulation of group VII ethylene response factors that is pivotal in driving the metabolic and molecular acclimation to low oxygen conditions. These authors also discuss the experimental evidence that demonstrates the pivotal role of the physiological regulation of hypoxia in specific tissues such as seeds 
Enhanced abiotic stress tolerance
Environmental abiotic stresses such as soil water deficits and salinity currently limit plant growth in many parts of the world. Abiotic stresses are predicted to become even more severe as desertification covers increasing areas of the terrestrial environment and the faster-than-predicted changes in the global climate, suggest an increase in aridity for the semiarid regions of the globe. Hence, low water supply (drought) and accompanying restrictions on water uptake by roots have been identified as the single most common abiotic threat to the growth of crops worldwide. One way that the impact of drought on plant 5 productivity might be limited is through the improved control of stomata and hence reduced leaf water loss leading to enhancing drought tolerance. A novel factor modulating NOS-like activity in Arabidopsis guard cells is described in the study reported by Zhai and coworkers (ref) Loss of AtPAO5 functions also led to the altered expression of genes involved in Na + fluxes between intracellular compartments. These data implicate thermospermine, but not its isomer spermine, in the specific reprogramming of metabolic pathways that underpin salt stress tolerance in Arabidopsis (Ruben and coworkers, ref) .
Future perspectives
The papers in this Special Issue not only highlight the complex Ying and Yang interplay of ROS and RNS signalling that is a key control of most if not all major processes in plant biology but they also demonstrate that rapid progress that is being made in understanding the plethora of post translational controls of plant proteins that underpins these ROS and RNS functions. While many questions remain to be addressed regarding the precise functions of redox mediated PTMs in the control metabolic and signalling pathways, several papers in this special issue demonstrate the underpinning importance of new 7 and emerging technologies, particularly redox proteomics and sulphenomics in driving fundamental research and hence knowledge generation forwards in plant redox biology. The concept that epigenetic mechanisms are important in the intergenerational control of plant growth, development and defense responses is now widely accepted not least because epigenetic marks area major mechanism of memorizing past stress experiences. Trans-generational inheritance of epigenetic information confers adaptive advantages to a wide range of environmental challenges. Moreover, epigenetic marks such as histone modifications and DNA methylation are a major driving force for plant and animal evolution.
While little is as yet known about the role of ROS and RNS signalling in the regulation of histone modifications and DNA methylation, we consider that future studies are likely to focus on gaining a deeper understanding of how cellular redox homeostasis and signaling influence chromatin and epigenetic dynamics, since such approaches have the potential to lead to the discovery of novel markers for improved plant growth, defense and sustainability in the face of climate change.
